Abstract. In this paper, the attention is paid to the investigation of the influence of high temperature acting on specimens made from specially designed cement-based composite. The experimental programme was carried out on six sets of beam specimens with the dimensions of 20 × 40 × 200 mm. The specimens were loaded to a pre-set temperature of 100, 200, 400, 600, 800 and 1000
Introduction
Cement-based composites belong to the frequently used building materials for a wide range of applications [1, 2] . Structures and construction components utilizing this composite were commonly designed assuming normal service temperatures. However, high temperatures acting on cement-based composite -for example during the fire etc. -cause a wide range of physical and chemical processes, which result in changes in the structure of composite and thus affects its mechanical properties [3, 4] .
According to the theory of fracture mechanics, cement-based composites, in this case fine-grained cement-based composite, show quasi-brittle behaviour. Specimens made from these materials have the ability to carry the load even after the deviation from a linear branch of load-displacement diagram until the peak point and then the decrease of the loading force follows until the failure -see e.g. [5, 6] . One of the reasons for this behaviour could be the existence of the interfacial transition zone (ITZ). This well-known zone around aggregate particles of a few micrometers in size has the specific features. These are mainly higher porosity and calcium hydroxide contents compared to the bulk matrix [7] [8] [9] [10] [11] [12] .
The scope of this paper is to show the results of a pilot study which deals with the characterization of the damage degree of special cement-based composite specimens exposed to high temperatures via ultrasonic pulse method.
Experimental programmematerials, specimens, methods
Three-part silicone moulds were made in plywood frame and subsequently used to produce the test specimens, see Figure 1 . The test specimens were manufactured from the special designed fine-grained cementbased composite. The fresh mixture was made using the spherical sodium-potassium glass aggregates with a diameter of 2 ± 0.2 mm, Portland cement CEM I 42.5 R (from cement plant Mokrá) and water in a ratio of 3:1:0.35. The components were mixed in laboratory conditions using the standard mixer. After pouring and compaction of the fresh mixture, the moulds was sealed with a thin PE foil and placed in the stabilized laboratory conditions for 1 day, see Figure 2 . After demoulding the test specimens had been stored in a water bath until their testing. The experimental programme was carried out on six sets of specimens according to considered maximum temperature. Always, three test specimens with the nominal dimensions of 20 × 40 × 200 mm were prepared per each testing set. A laboratory furnace Classic type 5013 with 3 sides of heating coils was used to heat of test specimens. The temperature loading started at the laboratory temperature of 20
• C. The specimens were loaded with the temperature rate of 5
• C/min up to a pre-set temperature. The pre-set temperatures were 100
• C (reference temperature), 200
• C, 400
• C, 600
• C, 800
• C, and 1000
• C. The next part of the temperature-time curve was constant, i.e. the maximum temperature was kept for 60 minutes. After that, the specimens were left to cool down to the ambient temperature and had been placed in a room with the temperature of 20
• C. All specimens were tested by ultrasonic pulse method before and after the temperature loading performed at the laboratory temperature.
During the ultrasonic pulse method measurement, the specimens were excited by a sensor placed in the centre of side cross-section of specimen -transmitter T (see Figure 3 ). Impulses were generated by the pulse generator Agilent 33220A. The acoustic emission system XEDO was used to detect the waves. Three piezoelectric sensors were placed on different locations of the specimen surface, see Figure 3 . The first sensor S 1 was placed near the exciter on the perpendicular surface, the second one (S 2 ) on the opposite surface to the transmitter near the edge and the third sensor (S 3 ) was on the same surface as the first one but close to the opposite edge.
The generated signal can be in either form of continuous noise or harmonic signals [13] . The evaluation of the signals response to the transmitted pulse in the tested object can be performed in two basic systems of analysis. In the first case, the resulting shift in relation to time is evaluated, and in the second case, the signals are converted to the frequency domain and a frequency analysis is performed. The results used in this paper are from the time domain.
Subsequently, all specimens were provided by an initial notch and selected specimens were tested in a three-point bending configuration. Selected specimens will be tested at the Centre of Excellence Telč, Czech Republic in the four-point bending configuration, and X-ray computed tomography of these specimens is also planned -specimens are bellow marked CT. Analysis of results of these fracture tests are being prepared and they are not the matter of this paper.
The compressive strength value was determined at the parts of specimens obtained after the three-point bending fracture tests were performed. The auxiliary loading device with two (upper and lower) square steel auxiliary platens was placed in the hydraulic testing machine. The specimens were placed between the auxiliary plates in such a way that the load was applied perpendicularly to the compaction direction, as can be seen in Figure 4 . The test was carried out in accordance with the principles of standards ČSN EN 196-1 [14] and BS 1881: Part 119 [15] . Increasing load was applied continuously until the failure when the loading force decrease. The maximum load applied to each specimen was recorded. The informative compressive strength value of material of the specimen was calculated by dividing the maximum load by the area of contact -nominal surface area 40 × 20 mm 2 .
vol. / Characterization of cement-based composite The auxiliary loading device with two auxiliary platen was placed in the hydraulic testing machine with selected specimens prepared for the test (left); specimen after testing.
Results
All measured data, results of the ultrasonic pulse method and informative compressive strengths for test specimens are shown in Table 1 . Basic statisticsmean values and standard deviations -of corrected selected data, as well as coefficients of correlation are introduced in Tables 2 and 3 . The ratio between maximum amplitudes r 21 and r 31 is called signal attenuation at the constant length -numbers 1, 2 and 3 correspond to the sensors S 1 , S 2 , and S 3 , index "b" or "a" means measurement before or after temperature loading. The outcome of applied procedure is a proportion of ratio r of temperature loaded specimen (r 21,a or r 31,a ) to ratio r of the non-degraded specimen (r 21,b or r 31,b ) -labelled as R 21 and R 31 , respectively.
Conclusions
After the exposure of cement-based composites to elevated temperatures their mechanical parameters are reduced [4] . Therefore, the presented paper was focused on the evaluation of the damage degree of finegrained cement-based composite specimens exposed to high temperatures via ultrasonic pulse method.
Resulting data from this method are in quite high correlation with loading temperature (coefficient of correlation was in range 0.63 to 0.92), as well as with compressive strength of composite determined after the temperature loading (coefficient of correlation was in range -0.59 to -0.91). The very high correlation is between ratios R 21 and R 31 (coefficient of correlation was in range 0.97 to 1.00) which means that it is sufficient placed the sensors on the surface in the case of a large structure. The strong relationship between compressive strength and temperature for this special cement-based composite with spherical glass aggregates (coefficient of correlation was in range (Table 2 ).
-0.97 to -0.80) was confirmed in this study.
The ultrasonic pulse method as a non-destructive method seems to be well-suited for determining the damage degree caused by elevated temperature in case of this special cement-based fine-grained composite.
List of symbols
γ Bulk density before temperature loading at temperatures higher than 100
• C fc,i Informative compressive strength r ,a The ratio of the maximum amplitude from sensor S2 to the maximum amplitude from sensor S1 after temperature loading at temperatures higher than 100
The ratio of the maximum amplitude from sensor S2 to the maximum amplitude from sensor S1 before temperature loading at temperatures higher than 100
• C r ,a The ratio of the maximum amplitude from sensor S3 to the maximum amplitude from sensor S1 after temperature loading at temperatures higher than 100
The ratio of the maximum amplitude from sensor S3 to the maximum amplitude from sensor S1 before temperature loading at temperatures higher than 100
• C R R21 = r21,a/r 21,b R R31 = r31,a/r 31,b T Temperature
